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Abstract. Principal Components and Classification Analysis (PC&CA) represents one of the 
most utilised multivariate chemometric techniques, having the advantage to use many measurements 
for a single sample in the same time, being recommended for understanding better the complexity of 
one phenomenon. The aim of this paper was to use PC&CA to study the effects of different types of 
fertilizers on polyphenols content of forages harvested in autumn from permanent grassland. 
Gravimetrically was established the matrix of floristic composition. The experimental field was 
fertilized first time in 2003, organic and/or NPK mineral. The determination of polyphenols contents 
was made using UV-VIS SPECORD 205 spectrophotometer, in conformity to chemical Folin and 
Ciocalteu colorimetric method. The highest polyphenols content was identified in forages from 
unfertilized variant (108 µM gallic acid/g). PC&CA can be a useful tool in describing the modification 
of polyphenols contents of forages under the effects of organic and/or mineral fertilisation of 
permanent grassland.  
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INTRODUCTION 
 
In our days the security, safety and health of consumers are in centre of interest for 
food producers. This situation become rules also in Romania, since our country becomes part 
of European Union, by the 150/2004 low which transpose partially the CE 178/2002 Rule, 
which establish the most important recommendations on the qualities of row matter, from 
vegetal and animal origin, which is consumed directly or processed at human’s meals. The 
quality of food is a mirror in a large part of the hygiene of technologic process and the quality 
of row matter. That’s way for the food with animal’s origin we must discuss also about the 
quality of feed used in animal’s nutrition.     
Forages from permanent grassland are an important and cheap source for animal’s 
nutrition in proteins and aminoacids, lipids and fatty acids, fibre and others carbohydrates, 
vitamins, minerals and other bioactive compounds named secondary products. Polyphenols 
represent secondary metabolites from plants, which appears like response of them to the 
environmental stress: the deficiency in soil of available nutrients, the attack of pathogens, the 
high temperature for a long time, droughty period, etc (Saviranta et al., 2009). These bioactive 
compounds also have an important and recognized role in competition between various plants 
species (Schulz and Baranski, 2007) and in the protection of vitamins and unsaturated fatty 
acids against oxidation (Meuchova et al., 2008). 
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In the last twenty years the most epidemiological studies about the polyphenols refer 
to the benefits of their consumption on human’s health. These bioactive compounds have 
positive effects on lowering the incidence of chronic diseases like cancer, diabetes, arthritis, 
high blood pressure and other cardiovascular problems (Abas et al., 2006; Boskou, 2006; Diaz 
et al., 1997; Janisch et al., 2004; Scalbert & Williamson, 2000). Other studies speak about the 
capacity of polyphenols to reduce the bacterial and fungus activities, with important roles in 
preservation of row matter aspects (Puupponem-Pimia et al., 2001; Tosi et al., 2007). All 
these positive effects are in relationship with the polyphenols antioxidant properties, regarding 
their capacity to reduce / scavenge the free radicals (Bub et al., 2001; Constantinou et al., 
1995; del Pozo-Insfran et al., 2006), such as superoxide anion radical (O2-•), hydroxide 
radical (OH •), peroxil radical (ROO •) and nitric oxide (NO •), responsible for the attack of 
biomolecules: proteins, membrane lipids, nucleic acids, etc (Leopoldin et al., 2007). 
Of over 3,000 known polyphenols compounds, flavones and flavonols are 1660, 630 
are isoflavonoids, and 255 are anthocyans (Champ, 2002). The bioactive polyphenolic 
compounds which found mostly in plants are polyphenolic acids and flavonoids (catechins, 
epicatechins), both like as constituents in condensed tannins or as free monomer. In animal’s 
body the polyphenols compounds which passing from the digestive tract may change the taste 
of raw matter, improve the red colour of meat, extend the shelf life of meat and milk, etc 
(Scollan et al., 2005). It is important so to monitor the polyphenols content which will be 
assured in animal’s nutrition diet by forages from permanent grassland.  
The matrix of floristic composition of grassland can influenced strong the 
concentration of this parameter in forages because of the percent of plants presented in vegetal 
mass, growth on the influence of substances flow generated in agro-ecosystem by applying or 
not the minerals and/or organic fertilizers. This complex phenomenon may be understand 
better if Principal Component & Classification Analysis (PC&CA) will be used in 
multivariate statistical interpretation, which will constituted the main aim of this study.    
  
MATERIALS AND METHODS 
 
The experimental field was permanent grassland situated near Grădinari, Caras-
Severin District, in the hill region of Banat. The annual average temperature was around 
10.4oC and the soil Calcic Luvisol.  The experimental work begins in 2003, when permanent 
grassland was divided in ten trials with five replications for each of them: V1-unfertilized 
trial; V2, V3, V4 – fermented sheep manure (20 to 60t/ha), V5, V6, V7 – organic and mineral 
fertilizers (20 t/ha fermented sheep manure and combination of 50 Kg/ha of P2O5, K2O, N); 
V8, V9, V10 – only mineral fertilizers (50 Kg/ha P2O5, 50Kg/ha K2O and different N doses: 
100, 150, and 100+100 Kg/ha). The mineral fertilizers were applied yearly, while the 
fermented sheep manure at each two years in late winter. The trials were arranged in 
randomized plots, in multiple stage blocks.  
The samples of forages were harvested in October from all 50 trials of experimental 
field. The floristic matrix of each trial was determined gravimetrically in laboratory. From 
Poaceae familly were determinated Festuca rupicola, Calamagrostis epigejos, Botriochloa 
ischaemum. Lathyrus pratensis, Trifolium medium and Dorychnium pentaphylum were 
presented from Fabaceae family. From other botanical family were identified: Rosa canina, 
Filipendula vulgaris, Galium verum, Inula britanica, Plantago lanceolata and Achillea 
millefolium. After harvesting the samples were oven dried at 70oC and grounded. The 
polyphenols extraction from forages samples was made in 70% ethanol. The chemical method 
used for determination of polyphenols content was one colorimetric, described by Folin and 
Ciocalteu (1927). The results were calculated in gallic acid equivalents. All reagents were 
 151 
analytical grade or purest quality. Absorption was measured at 750 nm, using UV-VIS 
SPECORD 205 spectrophotometer (Analytik Jena). For calibration curve the correlation 
coefficient was 0.9939R2. All analyses were made in triplicate and were reported the mean 
values. The PC&CA was chosen to perform the statistical analysis of obtained results for 
polyphenols content because offers the possibility to characterize the phenomenon correlating 
many measured parameters, passing from univariate to multivariate analysis. The Principal 
Components and Classification Analysis was performed with Statistica-6 software. 
 
RESULTS AND DISCUSSION 
 
In autumn the content of bioactive polyphenolic compounds varied between 56 and 
108 µM gallic acid/g, the higher value being obtained for the forage harvested from 
unfertilized trial (V1) and smaller for only mineral fertilization trial (V10). The Principal 
Components and Classification Analysis were performed with all harvested samples in 
correlation with fermented sheep manure and/or NPK minerals fertilizers. The eigenvalue 
numbers for PC&CA has presented in Figure 1. It can observe that first two factors describe the 
phenomenon in proportion of 82.82%.  
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Fig. 1. The eigenvalue numbers for PC&CA based on correlations between organic and/or mineral NPK 
fertilizers and polyphenols contents of forages 
 
In Factor 1 polyphenols content represent majority, being in opposition with NPK 
mineral fertilizers. In Factor 2 majority was assured by the fermented sheep manure (Table 1 
and Figure 2).    
Tab. 1 
The factors loadings, based on correlations between organic and/or mineral NPK fertilizers and 
polyphenols contents of forages 
Variables Factor 1 Factor 2 
Polyphenols 0.862424 -0.177042 
Manure 0.723238 0.666839 
N -0.878943 -0.071451 
P -0.852384 0.245086 
K -0.889727 0.206235 
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Fig. 2. The PC&CA distribution of organic and/or mineral NPK fertilizers in correlation with polyphenols 
content of forages 
 
The distribution dendrogram of all forages samples in correlation with polyphenols 
content and applied organic and/or mineral NPK fertilizers is shown in Figure 3.  
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Fig. 3. The PC&CA distribution of forages samples in correlation with polyphenols content and applied organic 
and/or mineral NPK fertilizers (1-10 forages samples are correspondent to V1-V10 trials) 
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The smaller values for concentration of studied parameter were obtained for the 
forages from all trials fertilized only minerals (V8, V9 and V10), increasing for the samples 
from trials with organic and mineral fertilizers (V5, V6 and V7), those from organic fertilized 
trials (V2, V3, and V4). Distinctly separately from all these trials was placed the forage from 
V1, unfertilized trial, which had the higher polyphenols content. An explanation can be that 
the plants from unfertilized experimental variants had more striking the stress deficiency of 
soil nutrients than the others. It is known that with the harvest of vegetal mass from grassland 
and transportation to others areas is removed high quantities of nutrients from the soil 
(Moisuc and Dukic, 2002).  That’s way it is necessary to do some correction on the amounts 
of nutrients. The most used method in practice is the application of chemical and/or organic 
fertilizers, to correct the lost outputs and to improve the inputs on substances flow in agro-
ecosystem. The bioavailability of nutrients will reduce this stress for plants and possible 
decrease the quantitative biosynthesis of polyphenols and/or the apparition of botanical 
species with smaller quantity of this parameter.    
 It is obvious that the PC&CA technique can be use with success for the forages, 
harvested in autumn, at the end of vegetation, from a permanent grassland, to discriminate 
between samples become from unfertilized experimental variant (V1) than others fertilized 
organic and/or mineral (V2-V10). Another important differentiation can be made between the 
samples from trial fertilized exclusively organic with fermented sheep manure in the highest 
doses (V4) from the forage of unfertilized (V1).  
The forages from V2, V3 (exclusively organic fertilized) and V5 (fertilized organic 
with the smaller doses and mineral potassium) presented similarity in polyphenols 
concentrations, different from V6 and V7 (organic fertilized with the smaller doses and/or 
NPK minerals) which present behaviour more closely to exclusively mineral fertilised trials 
(V8, V9 and V10).   
 
CONCLUSIONS 
 
In this study the aim was to try that Principal Components & Classification Analysis 
can be used like instrument to understand better the effects of fertilization on polyphenols 
content of forages from hill permanent grassland. The samples were harvested in autumn, at 
the end of vegetation, when the plants prepared their cellular characteristic to the stress of 
winter. Using this multivariate technique the conclusion was that fertilization, only organic 
with sheep manure, organic and mineral or exclusively NPK mineral, reduce the content of 
polyphenols of forages comparatively to the unfertilized trial. PC&CA can be used with 
success in discrimination between the forges harvested from experimental variants 
unfertilized or with different types of fertilization. 
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